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REMOTE SIGNAL TRANSMISSION CONTROL 
INCLUDING COMPENSATION FOR VARIATIONS 
IN TRANSMITTER COMPONENTS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application No. 60/227,407, 
filed August 23, 2000. 

BACKGROUND OF THE INVENTION 

This invention generally relates to signal transmitters used for providing radio 
frequency signals to remotely located receivers. More particularly, this invention relates 
to a strategy for controlling signal transmission to compensate for variations in 
transmitter components. 

A variety of remote signal communication systems are in use today. Radio 
frequency signals have become a communication mode of choice in a number of areas. 
One example includes remote keyless entry systems for vehicles. Such systems typically 
include a handheld transmitter, such as a key fob or "smart card" that provides a signal to 
a receiver located on the vehicle. 

While such systems are in wide spread use, there is always need for improvement. 
One challenge facing designers of such systems is reducing the cost of the transmitter or 
receiver components while maintaining appropriate signal tolerances and accuracy. 
Better signal control is available with more expensive components. Cost savings, 
however, is a primary concern in providing such systems to OEM's. Accordingly, 
suppliers are constantly striving to minimize the cost of such systems. Minor differences 
in cost per unit typically represent the deciding factor between competitive bids for such 
projects. 

This invention addresses the need for reducing the cost of a transmitter of a 
remote keyless entry system while accommodating for the associated reduction in signal 
control. 
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SUMMARY OF THE INVENTION 

[6] In general terms, this invention is a strategy for adjusting the operating parameters 

of a transmitter to compensate for reductions in signal control associated with using less 
expensive components. A method of controlling signal transmission in a system 
designed according to this invention includes generating a test signal from a transmitter 
that has an expected timing characteristic. A determination is made whether the actual 
timing characteristic of the test signal matches the expected timing characteristic. A 
correction factor is then determined that utilizes a difference between the actual and 
expected timing characteristics. A microprocessor portion of the transmitter is then 
programmed to utilize the correction factor in subsequent signal transmissions so that the 
actual timing characteristic is within an acceptable tolerance level from the desired timing 
characteristic. 

In one example system designed according to this invention, the transmitter is 
used as part of a remote keyless entry system for a vehicle. The transmitter includes an 
oscillator that comprises relatively inexpensive components. In one example, at least a 
portion of the oscillator is resident within the microprocessor. A transmitting portion of 
the transmitter transmits a signal having a desired timing characteristic. The transmitting 
portion is driven by a feed signal from the microprocessor. The microprocessor is 
programmed to alter a baud rate of the feed signal to compensate for any difference 
between the desired timing characteristic and an actual timing characteristic of the 
transmitted signal. 

m In one example, a timer coefficient of a timer portion of the microprocessor is 

altered based upon a difference between the desired timing characteristic and the actual 
timing characteristic. 

[9] The various features and advantages of this invention will become apparent to 

those skilled in the art from the following detailed description of the currently preferred 
embodiment. The drawings that accompany the detailed description can be briefly 
described as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[io] Figure 1 schematically illustrates a system designed according to this invention. 
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[ii] Figure 2 schematically illustrates in somewhat more detail selected portions of a 

transmitter for use in a system designed according to this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[12] A remote keyless entry system 20 for a vehicle 22 includes a transmitter 24. In 

one example, the transmitter 24 is a key fob having one or more switches that are 
activated by a user to generate a signal that is received by a receiver 26 supported on the 
vehicle 22. In another example, the transmitter 24 is a passive transmission device that 
does not require any switch activation by a user, a so-called "smart card.". 

[13] The system 20 operates in a conventional manner such that signal transmissions 

between the transmitter 24 and receiver 26 result in appropriate action at the vehicle such 
as unlocking the trunk or door locks. 

04] This invention focuses upon reducing the costs associated with the transmitter 24. 

This invention strikes a balance between the need for a less expensive transmitter and the 
need for accurate signal control of the transmitted signals. 

[15] Figure 2 schematically illustrates selected portions of the transmitter 24. A 

microprocessor 30 includes a memory portion such as an EEPROM. A timer portion 34 
operates as an internal clock in the microprocessor. An oscillator 36 provides the 
electrical energy for driving the clock 34. 

P6] In the illustrated example, the oscillator 36 comprises a capacitive element such 

as a capacitor 38 resident within the microprocessor 30. A resistive element such as a 
resistor 40 is appropriately coupled to the capacitive element to provide an RC oscillator, 
which operates as known in the art. Another example oscillator 36 includes an RC 
resonator that is entirely external to the microprocessor 30. Other oscillator arrangements 
may be used. 

[17] A primary goal of this invention is to reduce the cost of the transmitter 24 and, 

therefore, the just-mentioned example oscillators are preferred. Such oscillators are 
recognized as being less expensive but having wider tolerance ranges. For example, the 
external RC resonator typically has a tolerance or variation range of approximately ten 
percent. The illustrated resonator 36 having an internal capacitor 38 and external resistor 
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40 typically has a tolerance or variation range of approximately twenty percent. By 
contrast, a more expensive crystal oscillator has a tolerance of approximately one percent. 

The microprocessor 30 provides a drive signal 44 to a transmitting portion 48, 
which includes hardware as known in the art for generating a radio frequency signal. The 
generated signal is transmitted by an antenna 50 to the receiver 26 in a known manner. 

The nature of the less expensive oscillator 36 introduces the possibility for 
variations in the actual operating frequency of the components within the transmitter 24. 
For example, the frequency of the drive signal 44 may not be what is expected. This 
invention addresses the need for controlling a timing characteristic of the transmitted 
signal so that the signal matches an expected profile. 

To compensate for variations in the signal frequency caused by the lower 
tolerance of the oscillator 36, this invention includes operating the transmitter 24 in a test 
mode. A test signal is transmitted that is supposed to have a known characteristic. In one 
example, the test signal is expected to have a 1 KHz frequency and a fifty percent duty 
cycle. The transmitted test signal is received by a signal analyzer (not illustrated). The 
timing characteristics or profile of the test signal are then compared to expected values. 
Variations from the expected values are determined and utilized to determine a correction 
factor that is then programmed into the memory portion 32 of the microprocessor 30. 
The correction factor adjusts the baud rate used by the microprocessor 36 for generating 
the feed signal 44 to compensate for variations in the operation of the timer portion 
caused by the lower tolerance of the oscillator 36. 

In one example, the test signal, as mentioned, is a 1 KHz, fifty percent duty cycle 
signal. In this instance, with the illustrated example, a transfer equation that is used to 
determine the correction factor is as follows: 

correction factor = 124 x actual frequency 1,000 Hz 

Using the above example, if a test signal has a measured frequency of 800 Hz, the 
determined timer correction factor is 99. If the measured frequency of the test signal 
were 1,100 Hz, the timer correction factor is 136. 

The timer correction factor preferably is programmed into the memory portion 32 
of the microprocessor 30 so that the microprocessor subsequently operates to generate the 
feed signal 44 in a manner that results in the expected characteristics of the transmitted 
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signal. In other words, differences in operation of the timer portion 34 caused by an 
oscillator 36 that is out of an acceptable tolerance range are compensated for by adjusting 
the baud rate utilized by the microprocessor 30. 

[24] The difference between the actual and expected frequency, therefore, provides 

information regarding an adjustment that needs to be made to the operation of the 
microprocessor 30 when generating the feed signal 44 that will compensate for variations 
in the performance of the timer 34 so that the resulting transmitted signal matches, or is at 
least within an acceptable tolerance range of difference from, the expected signal. 

[25] In another example, this invention provides the ability to compensate for 

distortions in the duty cycle of the transmitted signal as may be caused by the hardware 
associated with the transmitting portion 48. In this example, the test signal is received 
and analyzed and when the duty cycle does not correspond to an expected duty cycle, a 
correction coefficient is determined that will alter the baud rate of the feed signal 44 to 
accommodate for the distortions caused within the transmitting portion 48. 

P6] Given this description, those skilled in the art will be able to develop appropriate 

algorithms for determining correction factors that will meet the needs of their particular 
situation. Similarly, those skilled in the art who have the benefit of this description will 
be able to appropriately program a microprocessor to accommodate for variations caused 
by a selection of less expensive components consistent with this invention. 

127] The preceding description is exemplary rather than limiting in nature. Variations 

and modifications to the disclosed examples may become apparent to those skilled in the 
art that do not necessarily depart from the essence of this invention. The scope of legal 
protection given to this invention can only be determined by studying the following 
claims. 
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